.
(Eq. S3)
The values of ! ! , ! ! and are fitted from Eq. (S3) using the energy of the bilayer/heterostructure for different stacking configurations that were obtained by displacing the unit cell of the top layer with respect to that of the bottom layer in the xy-plane. To compute the energy, we use first principles calculations based on density functional theory (DFT) as implemented in the Vienna ab-initio simulation (VASP) code [2] . DFT calculations were performed using Perdew-Burke-Ernzerhof (PBE) functional of the generalized gradient approximations (GGA) [3] . The vdW interactions were treated using the DFT-TS method [4] . Having obtained these coefficients, we plot the PES according to Eq. (S3) as shown in Fig. 2 of the manuscript.
1D Shear-lag Model
For 1D calculations, we constrain the projection of interlayer shear potential along the zigzag direction, which is obtained by setting all displacement along the y direction to be zero, i.e., = 0. Therefore, Eq. (S3) is simplified as:
Elastic energy per unit area of the two layers for a given strain is:
where ! , ! are the displacements along the applied strain in top and bottom layer, respectively and ! is out-of-plane displacements of the top plate. (For simplicity, we assume that only the top layer has an out-of-plane displacement and hence, − ! = ! .) Now, the total energy (Elastic + Shear) per = 0,
These coupled differential equations were solved numerically using the finite-element method with the boundary conditions ! 0 = ! 0 = 0, ! ! = 0 (the top layer has free ends), and ! = (the bottom layer has an applied strain with a given displacement at the edges) where l is the applied displacements at the boundary to create a strain in the bottom layer. Numerical solutions of Eq. (S8) are presented in Figure S1 . 
Analytical Solutions for 1D model
To gain further insight, we also obtain the analytical solutions with some approximations. Numerical solutions show that strain-transfer is linear until first incommensurate domain. Hence, for small strains, the sinusoidal potential can be approximated with the harmonic potential. Furthermore, bending rigidity of 2D materials is orders of magnitude smaller than the elastic modulus and hence the energy cost of bending can be ignored. With the approximation = and ignoring the energy cost of the bending, Eq. (S8) reduce to:
Subtracting Eq. (S9) with Eq. (S10) gives the interlayer shear:
! ! , (Eq. S12) and similarly, adding Eq. (S9) and Eq. (S10) leads to:
A and B in Eqs. (S14) and (S15) are can be computed from the boundary conditions u ' t (L)=0 and ! ! = so that:
= , (Eq. S16)
!"#$ !/! , (Eq. S17)
Substituting these value in Eq. (S14) and Eq. (S15) gives:
As it is clear from this expression, interlayer shear will decay over a length scale which is know as shear-lag length. Eq. (S18) can also be used to predict the critical strain of slippage. As shown in the numerical results, when the interlayer shear at the edge equals half of the lattice constant ( . . = /2) , slippage begins to occur. Hence, the critical applied strain at the edge to begin slip is:
Comparison with Atomistic Simulations
To validate our method, we compare strain-transfer response from our model with all atom molecular mechanics simulations for the graphene-bilayer system. We simulated a graphene bilayer sheet (100 nm by 20 nm) using the AIREBO potential [5] 
